The paper provides some remarks on a new suction-controlled simple shear apparatus. The features of the testing device are first outlined and the material used in the experimental programme is described. As a fundamental field of application, wetting tests under simple shear conditions are performed, being representative of the initial stress conditions and stress paths related to the typical triggering mechanisms of rainfall-induced shallow landslides. The benefits of this new device are illustrated, as an alternative or additional tool to other existing equipment. This paper presents a short selection of the measurements obtained using a partially saturated volcanic soil, which is prone to static liquefaction and volumetric behaviour on shearing. The challenges associated with simple shear tests are also discussed using a few examples from the ongoing work.
INTRODUCTION
The simple shear apparatus (Roscoe, 1953; Bjerrum & Landva, 1966) was conceived to overcome the limitations of the triaxial (TX) apparatus and the direct shear (DS) device, with soil specimens: (a) initially consolidated under k 0 conditions (lateral deformations prevented), (b) sheared under zero vertical and horizontal strains, that is at a constant volume and (c) with shear distortion (γ) allowed only in one direction. The zero lateral strain conditions were accomplished through hinged metallic walls (in the Cambridge device; Roscoe, 1953) , or cylindrical wirereinforced rubber membrane (the NGI device; Bjerrum & Landva, 1966) . In both the configurations, only constantvolume shear tests were possible. Casagrande (1976) has proposed a modified simple shear device capable of performing truly undrained tests with the measurement of pore-water pressure. New simple shear devices were equipped for applying positive back-pressure and for measuring pore-water pressure, and were used to investigate dynamic liquefaction of saturated sands and undrained shear strength of clays (Dyvik et al., 1978; Franke et al., 1979; Ishihara & Yamazaki, 1980; Silver et al., 1980) . Recent developments have extended the potential of simple shear to partially saturated soils, which are common in nature, particularly in arid and semi-arid regions (Fredlund & Rahardjo, 1993; Delage et al., 2008) . Rahnenma et al. (2003) have used the axis translation technique to control/measure the suction of cylindrical specimen in a special TX cell, equipped with a double wall, capable of performing simple shear tests. Tombolato et al. (2008) have presented a new simple shear device working on cuboidal specimen at constant degree of saturation and at constant volume. Sorbino et al. (2011) have shown the potential of simple shear tests to characterise the hydromechanical response of partially saturated silty soils upon shearing. Similarly, Milatz & Grabe (2015) have investigated the hydraulic-mechanical coupling of coarsegrained soils during monotonous and cyclic shear.
Simple shear soil testing should be further developed for partially saturated silty soils, often involved in catastrophic rainfall-induced landslides (Bilotta et al., 2005; Wanatowski & Chu, 2007 , 2012 Cascini et al., 2010 Cascini et al., , 2013a Cascini et al., , 2013b Buscarnera & Di Prisco, 2013) . Special attention should be devoted to the volume change behaviour upon wetting (Pereira & Fredlund, 2000; Vilar & Davies, 2002) .
DESCRIPTION OF THE TESTING DEVICE
The layout of the simple shear device is presented in Fig. 1 . The air-pressurised chamber (labelled as 'A') allows independent regulation of pore-water pressure (u w ) and pore-air pressure (u a ). The axis translation technique is used to measure/apply the matric suction (s) to the soil specimen, from 0 to 1000 kPa with 0·1 kPa resolution. Pore-air pressure (u a ) is equal to the chamber pressure ( p c ), as free drainage of air from the specimen to the chamber and vice versa is ensured by a sintered steel ring located in the top cap. Pore-water pressure (u w ) can be applied either to the top, bottom or to both the top and bottom of the specimen.
The net vertical load (N ) is transmitted through the vertical ram ('C'), the pneumatic press ('Iv') and the load cell (3 kN maximum load and 0·1 N resolution) located between the vertical ram and the top cap ('D'). Net vertical stress (σ v −u a ) relates to: N = (σ v − u a )A s = ( p v − p c )A v + P w , where σ v is the total vertical stress; A s is the specimen's crosssectional area; p v is the air pressure within the vertical pneumatic press 'Iv'; P w is the weight of the vertical ram ('C') and A v is the section area of the membrane used as an interface between the chamber air and the ram air (located inside the pneumatic press 'Iv'). Shear load (T ) is transferred to the soil specimen through the horizontal ram ('E'), and recorded by a load cell installed inside the chamber, in front of the ram. Shear stress (τ) depends on the chamber pressure ( p c ) as follows: T = τA s = p h A he − p c A hi , where p h is the water pressure within the horizontal hydraulic press ('Ih') while A hi and A he are, respectively, the cross-sectional areas of the two interfaces located within the horizontal press 'Ih'. The shear load can be applied either under: (i) stress control, when an electro-pneumatic regulator allows the pressure control in the horizontal press or (ii) strain control, when a stepper motor is used.
Vertical displacements are measured through an internal linear variable differential transformer (LVDT) within a range of ±4 mm and a resolution equal to 1 μm. Horizontal displacements are measured by an LVDT within a range of ±25 mm and a resolution equal to 10 μm. The variation in the specimen water content is measured through two twin burettes, one as a reference level and the other connected to the drainage circuit of the specimen. Each burette is double walled to minimise deformation due to water pressure changes. The inner burette is a glass tube 5 mm in diameter. A differential pressure transducer measures the difference in level (ΔIw) between the burettes with a resolution of 0·1 mm, which corresponds to a volumetric water content variation of 0·0044%, for a 22 mm high and 51 mm large specimen.
The soil shear box ( Fig. 2) is housed inside the air-pressurised chamber, and consists of a stack of 12 stainless-steel hollow Cuomo, Moscariello and Foresta discs, which prevent lateral strains. The discs are held together by two vertical screws until the specimen is mounted, while the screws are removed before starting any test (Fig. 3) . The top disc is assembled with a goose-neck arm that constrains the top of the box to the horizontal load cell (Fig. 4) . Simple shearing of the specimen is obtained due to the synchronised movement of two external double pendulums, fixed on the bottom and top discs (Fig. 2) . Each of the 12 discs is displaced along the shear direction using a small pivot (machined on the upper side of each disc), which can move only inside a linear fluting groove (machined on the lower side of each disc). The improvements of this new testing device if compared with the existing ones are: (a) control of the matric suction or water content upon simple shearing, (b) specimen volume variations prevented or allowed (as for the tests herein reported) under stress control or strain control, (c) smooth and continuous transition from partially saturated to saturated condition upon wetting, (d) monitoring of the hydromechanical response upon wetting, with both simple shearing and void ratio variations being allowed.
MATERIALS, METHODS AND RESULTS

Investigated soil
A non-plastic air-fall volcanic (pyroclastic) soil, originated from the explosive activity of Vesuvius volcano, was tested;
namely ashy soil 'A' in previous experiments (Bilotta et al., 2005) , which is generally found at the bedrock contact of shallow pyroclastic deposits. It is very loose soil (n = 0·645-0·651) with a metastable structure along steep slopes (Sorbino et al., 2011) , similar to other volcanic soils (Ferrari et al., 2013) . The grain size distribution consists in 43·6-51·9% sand, 43·9-54·03% silt and 1·4-4·7% clay. Remoulded specimens were used. The soil that was collected from the field and kept at natural water content was mixed with distilled water by hand to prepare slurry with a water content equal to 1·5 times the liquid limit (w L ). The slurry was loaded in a 25 cm large, 10 cm high oedometer under a vertical stress equal to 10 kPa. One week sufficed for consolidation. The soil left to dry to the atmosphere for 1 day reduced its degree of saturation from 100% to about 80%, getting easier to be sampled. Cylindrical specimens, 51 mm in diameter and 22 mm high, were created. The specific gravity (G s ) of soil is equal to 2·55; the specific volume (v) is 2·982; the saturation degree (S r ) is about 85%; the dry unit weight (γ d ) is 8·65 kN/m 3 . The average water content (w) is 51·9%, while the liquid limit (w L ) is 53·8% and the plastic limit (w P ) is 49·3%. Previous Richard's pressure plate and volumetric extractor tests provided soil water retention curves (SWRCs), well interpolated through the models of van Genuchten (1980) and Fredlund & Xing (1994) (Fig. 5) . Shear strength envelope was previously obtained through DS tests and TX tests (Fig. 6 ) performed at different volumetric water contents (θ), equal to V w /V t , with V w water volume and V t total volume of the specimen, corresponding to the degree of saturation from 73 to 100%. All of those previous data and results were taken from Bilotta et al. (2005 Bilotta et al. ( , 2008 . Vertical effective stress (σ′) is defined as per the formulation of Bishop (1959) , because it has been widely used in advanced constitutive models (e.g. Manzanal et al., 2011) . It entails that: σ′ = σ − u a + S re (u a − u w ), where σ is the total stress; S re = (S r − S ro )/(1 − S r0 ) is the 'effective saturation degree'; S r is the current saturation degree; S r0 is a 'residual' saturation degree, here obtained as a fitting parameter of the van Genuchten model for the wetting curve of Fig. 5 (S r0 = 0·31).
Testing procedures
The testing conditions reproduce: (a) in-situ conditions typical of soil covers, 1-4·5 m thick and 20-39°steep; (b) initial suction and time variation trends experienced by slopes on failure. Two vertical net stresses (σ v -u a ) were chosen, 30 and 50 kPa, corresponding to depths of about 2-3 m. Initial shear stress (τ) was computed from an infinite slope model (Cascini et al., 2013a) , corresponding to a factor of safety higher than 1·3. The initial suction was 50 kPa, as from field measurements (s < 65 kPa), and decreased 
s 0 , initial suction of the specimen; s b and s t , suction at the bottom and top of the specimen. *Suction decreased at the specimen bottom, with upward inflow. †Suction decreased at the specimen top, with downward inflow. ‡As in previous group ( †), but with a specific function s(t) taken from Cascini et al. (2010) . Table 1 at time rates (Δs/Δt) consistent with previous numerical modelling of shallow landslides (Cascini et al., 2013a (Cascini et al., , 2013b (Cascini et al., , 2014a (Cascini et al., , 2014b Cuomo et al., 2014) . The steps followed were: (a) net vertical stress application, (b) initial suction measurement, (c) target suction application and subsequent equalisation, (d ) increase of the shear stress, up to the target value ('τ' in Table 1) , at a moderate constant rate (3·6 kPa/h) suggested by Sorbino et al. (2011) , (e) zeroing of suction (at bottom 's b ' or top 's t ' of specimen), at constant net vertical stress and shear stress. A few examples are discussed (Table 1) .
Results and discussion
The wetting tests in simple shear conditions allowed one to study the soil mechanical behaviour in terms of hydraulic response (SWRC), shear strain (γ) and axial strain (ε a ), in relation to the current value of shear stress (τ) and soil suction (s), during the whole wetting process. The latter corresponded to a smooth transition from a partially saturated condition to a nearly saturated or saturated condition. Figure 7 shows the variation of the stress (τ, σ′) and strain variables (γ, ε a ) during the shearing stage (SHE) and the wetting (WET) stage for the test SSRPSG14. The net vertical stress (σ v −u a ) applied was equal to 30 kPa, initial suction was measured (Table 1 ) and the constant water content consolidation required was about 30 h. Then, the target suction (s = 30 kPa) was applied at the specimen top (s t ) and measured at the specimen bottom (s b ) until equalisation ( Fig. 7(a) ). In the shearing stage (SHE) shear stress (τ) was increased up to 34 kPa. Moderate shear strain (γ) was measured ( Fig. 7(b) ). The wetting stage (WET) consisted in reducing suction at the top of the specimen (s t ) at −0·5 kPa/h, while measuring the suction variation at the bottom (s b ). The difference (s t −s b ) caused the vertical hydraulic gradient (J ), which is positive for the downward flux (Fig. 7(c) ). Correspondingly, the shear strain (γ) increased, coupled with the cumulative water inflow (Δw < 0) to the specimen and dilative behaviour (ε a < 0), as shown in Fig. 7(b) . Such results are provided to highlight the potential of the suction-controlled simple shear device, which may provide a comprehensive characterisation of the hydromechanical soil coupling in testing conditions very close to field in-situ slopes.
Related to that, the SWRC measured in simple shear conditions are shown in Fig. 8 . It is interesting to note that the new results differ from both the main wetting ('w') and the main drying ('d') paths, formerly obtained (Fig. 5) , which are indicated using dashed lines in Fig. 8 . The new curves run along the so-called scanning curves, which even overpass the former results at very low suction. As expected, a step-wise variation of suction in different experimental devices provides different results, with those coming from simple shear apparatus being, in principle, more realistic in the case of slope stability problems of 'infinite-like' shallow covers. The differently observed retention behaviour could be due to void ratio variations induced by the contractive or dilative behaviour during wetting at constant net vertical stress and shear stress. This fundamental issue deserves more investigation.
A complete overview of both stress paths (τ, σ′) and strain variables (γ, ε a ) measured for the tests of Table 1 is provided in Fig. 9 . Different initial stress ratios (τ/σ′) were considered, from 0·55 to 0·66 (Fig. 9) , as well as different time rates for suction reduction (Δs/Δt), from −0·5 kPa/h to −1·15 kPa/h, and different wetting modes, like through upward or downward water flow (Table 1 ). The simple shear device was able to reproduce, depending on the testing conditions, contractive (ε a > 0) or dilative behaviour and even the smooth transition from contractive to dilative mode. Correspondingly, moderate (γ < 0·1) or large (up to 0·7) shear strain was measured, associated with the current value of saturation degree (S r ).
CONCLUSIONS
The wetting tests outlined the chance for measuring the SWRC under simple shear conditions, with vertical and shear stress typical of real slopes highly prone to rainfall-induced shallow landslides. The time evolutions of shear strain (γ) and axial strain (ε a ) were measured in wetting tests under constant shear stress. The different strain behaviours observed were related to the ratio of shear stress to effective stress at which the wetting stage had started, also outlining the effects of the initial conditions on the soil stress-strain behaviour during the wetting stage.
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